Two experiments were conducted to measure the effect of level of feed intake on net amino acid absorption by portal-drained viscera of six beef heifers with catheters in a mesenteric vein, portal vein and iliac artery (Exp. 1) and to evaluate intrajugular infusion of insulin or glucose on amino acid uptake by hind half of four beef steers with catheters in posterior aorta and vena cava (Exp. 2). Experiment 1 was a replicated 3 • 3 Latin square design. Treatments were calculated intakes of 84, 157 or 225 kcal metabolizable energy (ME)/kg "Ts live weight. Treatments in Exp. 2 were control (no infusion), insulin infusion (1.4 IU/min for 90 min) and glucose infusion (2.5 mmol/min for 90 rain) in that order. Mean live weight of animals + SE was 295 -+ 4 kg (Exp.
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Introduction
Ruminants benefit from the symbiotic relationship with ruminal microflora by deriving energy from plant structural carbohydrates and amino acids from both preformed protein and nonprotein nitrogenous compounds. Because microbial fermentation in the rumen includes proteolysis, deamination and resynthesis of amino acids, ruminants depend largely on the amino acid profile of microbial protein to meet requirements for maintenance and production (Steinhour et al., 1982) . Amino acid supply from dietary sources, modified by microbial fermentation and metabolic activity of the gastrointestinal tract (GIT) tissue, can be quantitated by measuring venoarterial differences in concentration of a given amino acid and blood flow through portal-drained viscera. Most data to date using this technique have JOURNAL OF ANIMAL SCIENCE, Vol. 60, No. 6, 1985 been collected from sheep fed high forage diets (Hume et al., 1972; Wolff et al., 1972; Prewitt et al., 1975; Kurilov et al., 1976; Tagari and Bergman, 1978; Heitmann and Bergman, 1980; Prior et al., 1981b) . Sniffen and Jacobson (1975) reported data for Holstein steers fed alfalfa hay and Prior et al. (1981a) reported data from sheep and beef steers fed alfalfa hay or an 85% concentrate diet. The only data available describing responses to level of feed intake were derived from high forage diets (Sniffen and Jacobson, 1975; Tagari and Bergman, 1978) . The first objective of the present study was to measure responses to level of feed intake on net amino acid absorption in beef heifers fed an 85% concentrate diet.
Profiles and amounts of absorbed amino acids are modified by liver metabolism (Wolff et al., 1972; Brockman et al., 1975; Heitmann and Bergman, 1980 ) then presented to the rest of the body for metabolism. Uptake or release of amino acids from hind limbs is under a variety of metabolic controls (Bergman and Heitmann, 1978) .
Because ruminants derive little if any glucose directly from dietary sources (Wolff et al., 1972; Huntington, 1982; Huntington and Prior, 1983) , they depend on gluconeogenesis to meet requirements. Amino acids are glucose precursors; in sheep, 11 to 30% of glucose turnover was accounted for by conversion of amino acids (Wolff et al., 1972) . Brockman et al. (1975) found that effects of iv infusion of insulin were primarily on skeletal muscle and adipose tissue of sheep. Insulin infusion affected arterial concentrations of amino acids in sheep (Call et al., 1972; Brockman et al., 1975) and steers (Ahmed et al., 1983) , as well as uptake of amino acids (Ahmed et al., 1983) , glucose and L-lactate (Prior et al., 1984) by hind limbs of steers.
The second objective of the present study was to measure responses to iv infusion of insulin or glucose on amino acid uptake-release by hind half of beef steers fed an 85% concentrate diet.
Materials and Methods
Exp. 1. Six Hereford x Angus heifers with a mean live weight + SE of 295 + 4 kg with chronic indwelling catheters in the mesenteric vein, portal vein and iliac artery were fed a pelleted, 85% concentrate diet (table 1) at three levels of feed intake, calculated to provide 84, 157 or 225 Kcal metabolizable energy (ME)/ kg "Ts live weight daily. Details of protocol were described previously (Huntington and Prior, 1983) . Heifers were fed once daily at 1200 h. Experimental design was a replicated, 3 x 3 Latin square. Blood flow (primed, continuous infusion of para-aminohippuric acid into a mesenteric vein) and net absorption by portaldrained viscera (portal-arterial difference in concentration times blood flow) were measured 20 times for each heifer-intake level over 5 d to provide sampling periods at four different times of day. Two milliliters of blood were mixed with 90 mg sulfosalycylic acid for deproteination. After centrifugation, supernatant fluid was frozen and stored until analysis for amino acids on a Beckman 121MB amino acid analyzer. Equal aliquots of supernatant fluid from arterial or portal samples within heifer-intake level were composited before analysis. Because of refusal to consume feed at highest intake (one heifer) and loss of samples before analysis (another heifer), two of a possible 18 observations are missing.
Exp. 2. Four Hereford x Angus steers with a
mean live weight + SE of 345 + 15 kg were housed in individual stalls and adapted over several weeks to the same diet used in Exp. 1 (table 1). The diet was divided equally into hourly feedings. Daily dry matter (DM) intake was 5.24 + .88 kg. Steers had indwelling catheters in the posterior aorta and vena cava, located to measure arterial-venous (A-V) differences in blood concentrations of metabolites across the hind half. Details of catheterization and experimental protocol were described previously (Prior et al., 1984) . Treat- (Huntington, 1982) . Samples for determination of amino acid concentration and blood glucose concentration (Prior et al., 1984) . Three pairs of samples were selected from control (60, 75 and 90 min), peak plasma insulin concentration and minimal glucose concentration (150, 165 and 180 min) and peak blood glucose concentration (300, 315 and 330 min). Blood was deproteinated, stored and analyzed for amino acids as described in Exp. 1. Analytical conditions were optimized for quantitation of valine, isoleucine, leucine, alanine, lysine, methionine and 3-methylhistidine. The first three amino acids were chosen because these branched-chain amino acids are considered to be essential and are oxidized preferentially in peripheral tissues. Alanine was chosen because of its proposed role in recycling of glucose carbon (Felig, 1975; Coward and Buttery, 1982) . Lysine and methionine were chosen because they are likely first-limiting amino acids in ruminants (Bergen, 1979) , and 3-methylhistidine was chosen because it is an indicator of myofibrillar protein degradation. Other amino acids that were consistently quantitated in the analyses were tyrosine, phenylalanine, ornithine, histidine and arginine.
Means for arterial and venous concentrations and blood flow for steers within treatments were generated by the means procedure of SAS (1979) . Uptake (or release) of amino acids was calculated to be blood flow (liters/h) times A-V (mM). Because blood flow was not available for two steers (Prior et al., 1984) , uptake for these two steers was calculated from their A-V differences and average blood flow within treatments for the other two steers. The statistical model included steer and treatment as main effects, the steers • treatment interaction and residual effects. Differences among treatments were tested for statistical significance by the steer x treatment interaction.
Results

Exp. i. Arterial concentrations of citrulline,
leucine, tyrosine, phenylalanine and ornithine increased, and 3-methylhistidine decreased linearly (P<.05) with increased feed intake; concentrations of other amino acids were not (table  3) . Similarly, portal-arterial differences (P-A) for serine, alanine, valine, leucine, tyrosine, phenylalanine and lysine increased linearly (P<.05) as feed intake level increased (table 3) . Net absorption of all amino acids except glutamate, glutamine, citrulline, ornithine, 3-methylhistidine and isoleucine increased linearly (P<.05) with increased feed intake (table 3); isoleucine increased linearly (P<.06) with increased feed intake. Net absorption of glutamate and glutamine was negative consistently.
Exp. 2. Treatment affected (P<.05) arterial concentrations of amino acids measured except histidine and 3-methylhistidine (table 4) . Concentrations were highest during control, then decreased during infusion of both insulin and glucose. Treatment did not affect (P>.06) A-V difference or uptake-release of amino acids (table 4). Lack of statistical significance was precluded by large standard errors, which are characteristic of this type of data (Lindsay, 1982) .
Discussion
Net absorption rates for amino acids in beef heifers (table 3) generally are qualitatively and quantitatively similar to rates from beef steers fed the same diet in a previous study (Prior et al., 1981a) . In the previous study, plasma was analyzed rather than blood. The. greatest discrepancy is use of glutamine by GIT tissue, 387 (Prior et al., 1981a ) compared with 15,250 /~mol/h (table 3), which at least in part is due to storage of frozen plasma and degradation of glutamine during storage (Heitm'ann et al., 1980) . In both studies, glutamine and glutamate used by the gut exceeded absorption, indicating their use as an energy source by GIT tissue (Windmueller and Spaeth, 1978, 1980) . Lack of a treatment response in use of glutamate and glutamine by GIT tissue may be due in part to use of these amino acids from dietary sources that would not be reflected in net absorption, or increased availability of other energy sources in response to increased intake, such as glucose or volatile fatty acids (Huntington and Prior, 1983) .
Linear responses in net amino acid absorption in response to increased feed intake are similar to linear responses for volatile fatty acids, L-lactate and ammonia-N in these heifers (Huntington and Prior, 1983) . Others (Prewitt et al., 1975; Sniffen and Jacobson, 1975; Tagari and Bergman, 1978) reported increased net absorption of amino acids by ruminants in response to increased intake of protein in forage diets.
Net absorption of individual amino acids as a percentage of calculated amino acid intake (table 5) increased with increased feed intake; possible contributors to this response include increased passage of microbial protein to the lower gut and increased endogenous secretion of digestive enzymes whose amino acids would appear in portal blood. Changes in proportion of dietary protein escaping ruminal fermentation did not make a substantial contribution, because relative molar proportions of amino acids did not change greatly with intake. At all three feed intakes in Exp. 1 the order of absorption of seven amino acids with greatest rates of absorption was similar. Relative to alanine, which had the highest absorption rate at all intakes, respective molar proportions of valine, serine, leucine, lysine, phenylalanine and isoleucine were: .96, .83, .61, .50, .38, .34 (low feed intake); .81, .65, .58, .39, .28, .31 (medium feed intake) and .75, .69, .61, .41, .29, .34 (high feed intake). Net amino acid absorption rates as percentage of amino acid intake in Exp. 1 were greater than those from beef steers fed alfalfa hay or the same 85% concentrate diet fed in the present study (Prior et al., 1981a) and less than those from Holstein steers fed alfalfa hay (Sniffen and Jacobson, 1975; table 5) . Reasons for these discrepancies are not clear. Portal blood flow was similar among experiments. Sniffen and Jacobson (1975) suggest substantial contribution of endogenous sources of amino acids to net portal absorption, particularly when steers were fed early maturity alfalfa hay (table 5) . Tagari and Bergman (1978) found amounts of amino acids appearing in portal blood of sheep were 30 to 80% of those disappearing from the lumen of the intestine.
Reduction of arterial concentrations of amino acids in response to insulin infusion (table 4) is consistent with previous reports in sheep (Call et al., 1972; Brockman et al., 1975) . Ahmed et al. (1983) reported decreased arterial plasma concentrations of branched-chain amino acids in steers after a single iv injection of insulin, which yielded a total dose that was equivalent to about one-third that of Exp. 2. In contrast to Exp. 2, uptake of amino acids by hind limbs of steers (Ahmed et al., 1983) was enhanced by injection of insulin. eLow, medium and high dry matter intake was 1.93, 3.62 and 5.14 kg/d, respectively.
We did not find consistent release of alanine from the hind half as others have reported in sheep (Heitmann and Bergman, 1980) , steers (Ahmed et al., 1983) or forearm of man (Felig, 1975) . McCormick and Webb (1982) found uptake of alanine by the hind half of 147-kg Holstein steers fed a 63% concentrate diet, and alanine release after a 72-h fast. Differences among experiments do not appear to be due to analysis of blood compared with plasma, because others (Felig, 1975; Heitmann and Bergman, 1980) found that patterns of uptakerelease of alanine were similar in plasma and blood. Direction of response to insulin is similar in data of Exp. 2 and of Ahmed et al. (1983) in that we found a trend towards increased uptake (table 4) and they reported decreased release. Our steers and those of McCormick and Webb (1982) were fed a high concentrate diet that contrasts with high-or all-forage diets of Brockman et al. (1975) or Ahmed et al. (1983) . Differences in metabolite uptake-release due to feeding a high concentrate diet or possibly tissue composition of hind half of these steers relative to other studies was demonstrated by uptake of L-lactate (Prior et al., 1984) instead of release of L-lactate as reported in other ruminant studies in which high-or all-forage diets were fed (Domanski et al., 1974; Bell et al., 1975; Jarrett et al., 1976) . Uptake of L-lactate was attributed to its role as a lipid precursor (Prior et al., 1981b) , the likelihood that adipose tissue was a significant portion of the hind half of these steers, and that the high concentrate diet was conducive to lipogenesis. It is possible that uptake-release of alanine similarly was affected by feeding a high concentrate diet.
Combination of data from Exp. 1 and 2 provides estimates of proportion of amino acids from GIT that were taken up by the hind half (table 6). With exception of phenylalanine and tyrosine, proportions ranged from .199 to .250, which were slightly less than similar estimates for glucose (.31) and acetate (.31) from the same animals (Prior et al., 1984) . Comparison of tissue protein to uptake of essential amino acids measured in Exp. 2 was done by calculating molar concentrations of amino acids per kilogram crude protein in round muscle from the data of Orr and Watt (1968) and comparing them with rates of uptake by hind half (table  6) . Order from greatest to least concentration for round muscle was leucine>lysine>valine> isoleu cine > arginine > phenylalanine > histidine > methionine and for hind half uptake was valine> leucine>lysine>isoleucine> arginine>histidine> methionine>phenylalanine. In both orders, the same four amino acids were present in highest concentration, isoleucine and arginine rank fourth and fifth, and the same three amino acids were lowest in concentration. This comparison shows similarity between net uptake of essential amino acids and composition of crude protein in round muscle, a major muscle of hind half. Division of total molar concentration of these eight essential amino acids in round muscle (3,103.74 mmol/kg crude protein) by total uptake by hind half (10.06 mmol/h) yields 305.49 h/kg crude protein, which is equal to deposition of 78 g crude protein daily, assuming crude protein of round muscle is representative of hind half and that on the average these essential amino acids are deposited at rates similar to uptake from blood. This estimate of crude protein deposition is in error to the extent that round muscle does not represent the tissue depot for amino acids, the extent that tissue synthesis and catabolism of these amino acids do not sum to zero and to the extent that muscle takes up plasma peptides for protein synthesis (McCormick and Webb, 1982) . If all of the 25.6 g N retained by the heifers in Exp. 1 at high intake (Huntington and Prior, 1983) was deposited as crude protein and if N retention was similar for steers in Exp. 2, then an estimate of crude protein deposition in whole body by the steers is 160 g/d, or 2.05 times the estimate for deposition in the hind half.
In conclusion, data from Exp. I show a direct linear relationship between amino acid intake and net absorption from portal-drained viscera of beef heifers fed a high concentrate diet up to about 1.9 times maintenance energy requirement (NRC, 1984) . Combination of data from Exp. 1, Exp. 2, published data from the same animals (Huntington and Prior, 1983; Prior et al., 1984) and composition of round muscle (Orr and Watt, 1968) indicates that about one-half of protein deposition in beef steers fed a high concentration diet is in the hind half.
